
	  

Early	  Journal	  Content	  on	  JSTOR,	  Free	  to	  Anyone	  in	  the	  World	  

This	  article	  is	  one	  of	  nearly	  500,000	  scholarly	  works	  digitized	  and	  made	  freely	  available	  to	  everyone	  in	  
the	  world	  by	  JSTOR.	  	  

Known	  as	  the	  Early	  Journal	  Content,	  this	  set	  of	  works	  include	  research	  articles,	  news,	  letters,	  and	  other	  
writings	  published	  in	  more	  than	  200	  of	  the	  oldest	  leading	  academic	  journals.	  The	  works	  date	  from	  the	  
mid-‐seventeenth	  to	  the	  early	  twentieth	  centuries.	  	  

	  We	  encourage	  people	  to	  read	  and	  share	  the	  Early	  Journal	  Content	  openly	  and	  to	  tell	  others	  that	  this	  
resource	  exists.	  	  People	  may	  post	  this	  content	  online	  or	  redistribute	  in	  any	  way	  for	  non-‐commercial	  
purposes.	  

Read	  more	  about	  Early	  Journal	  Content	  at	  http://about.jstor.org/participate-‐jstor/individuals/early-‐
journal-‐content.	  	  

	  

	  

	  

	  

	  

	  

	  

	  

JSTOR	  is	  a	  digital	  library	  of	  academic	  journals,	  books,	  and	  primary	  source	  objects.	  JSTOR	  helps	  people	  
discover,	  use,	  and	  build	  upon	  a	  wide	  range	  of	  content	  through	  a	  powerful	  research	  and	  teaching	  
platform,	  and	  preserves	  this	  content	  for	  future	  generations.	  JSTOR	  is	  part	  of	  ITHAKA,	  a	  not-‐for-‐profit	  
organization	  that	  also	  includes	  Ithaka	  S+R	  and	  Portico.	  For	  more	  information	  about	  JSTOR,	  please	  
contact	  support@jstor.org.	  



18 tO.] Report on Roads, Broad Wheels, Kc. 425 

this day ; for my father knows already 
that you have entered here, and I 
see him running speedily with a naked 
sword to kill you." Nathan threw 
himself at her feet, kissed them, and 
bathed in tears, entreated her to pity 
him: save me, said he, beautiful 
queen, save me from this imminent 
danger, and from the wrath of your 
father: I protest to you I did not 
enter here with any bad design, and 
that I had not the least intention to 
behave with disrespect, to the beauti- 
ful girls, who have the honour to 
wait on you. The daughter of As- 
modeus, who was called Mitra, 
looked on him with pity and said to 
him, your modesty charms me, and 
because you are so learned in the 
divine law, I wish to preserve you from 
the great dangers which threaten 
you. Depart then instantly from 
the palace, and when my fatther shall 
come, and shall overwhelm you with 
his accusations, and shall say why 
have you disobeyed my commands ? 
and why have you entered into the 
palace of my daughter; and shall de- 
sire to kill; answer him; my lord, 
I entered into the palace from no 
other motive, but because I love 
your daughter so ardently that I 
cannot live without her, and that I 
can have no greater pleasure than to 
receive her in marriage. I am sure, 
added site, that these words will be 
very pleasing to him, and that he 
will wed me to you, for from the 
tine that you have arrived in our 
land, he has frequently thought of 
making you his son-in-law, not being 
able to recompense more highly the 
excellence which you have acquired 
in the interpretation of the holy scrip. 
tures: and tou. know it is not proper 
that a girl of my rank should make 
love to a man, or that so great a 
king as my father should solicit you 
to take his daughter in marriage. 

To be Continued. 

Extract of a letter from Richard 
Lovell Edgeworth, esq. to a Member 
of the Committee for the improve- 
ment of Roads, &c. dated Edge. 
worth Town, 14th March, 1808. 

SWIIH pleasure communicate to 
you some hints on the subject 

of wheel-carriages, which I had pro- 
posed to examine in detail, and to 
publish, with some new inventions; 
in the mean time, if they can be 
of any use to you, they are much 
at your service. 

The problem to be solved is this.- 
Giving a certain road, how to con- 
struct a carriage so, that, every thing 
taken into consideration, it may be 
fit to carry the goods, required to 
be carried on that road, with the most 
convenience, and at the least ex- 
pense. 

The legislature will in all proba- 
bility turn its attention chietly to 
the means of preserving the roads, 
and this is undoubtedly an object 
of the utmost national importance; 
but then it is not to be considered 
as the only object, because the origi- 
nal price and the annual repairs of 
the road, fall ultimately, or ought to 
fall upon the persons who use the 
road: therefore, the original cost and 
the repairs of the public roads be- 
come part of the price of carriage 
to the consumer. if a number of 
manufacturers were to make a road 
for their own use and at their own 
expense, they would be led tocotn- 
sider, what kind of carriages would 
he the most suitable for the com- 
modities they had to carry, what 
coold be drawn by the fewest horses, 
what would cost least originally, and 
would become least subject to wcar 
and tear; and lastly, what carriages 
would do thie least injury to the 
road which they were to make, and 
keep in repair. ' he whole of these 
considerations may be resolved into 
this single question ; what road aind 
carriage will ultimately be the least 
ex ensive. 

Ifa constant hourly traffic was to 
be carried on, our company would 
find iron raiiways by tar cheaper 
than any other kind of road. Next 
to iron railways, pavement ;omposed 
of large flat stones jointed with care, 
as in some parts of London, would 
be the best ; but such stones, suf- 
ficiently hard, and sufficiently near 
the spot, cannot alwa3s be hajd. To 
supply their place, the hardest stone 
that can be procured should be 
broken into irregular fragments of 
various sizes, and laid upon the 
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road. The road should be first laid 
out in a regular and gentle curve, 
and be beaten or rolled, so as to be 
equally firm in all its parts. The 
goodnes of the road depends more 
upon this circumstance than is usual- 
ly imagined; for let the road be 
ever so hard and smooth at the sur- 
face, wherever the foundation' is un- 
sound, the superstructure will give 
way. After the road has been laid 
right or ten inches deep with stone, 
it should be slightly covered with 
mixed graIFel, the various sizes of 
which will fill up the interstices of 
the stones, and at once permit horses 
and carriages to travel conveniently; 
but daily attendion should be paid to 
the road to fill every crevice with 
small stones, and to break every 
prominent stone into ,small pieces, 
over which amended spots some gravel 
should be sprinkled to cement tihe 
parts. In a short time the gravel 
will disappear, and the tops of the 
stones, the angles of which hate 
been ground off, should be caretully 
broken with light hammers ; the 
edges of the track made by carriages 
should in the same manner be broken 
down, and no pains should be spared 
to make the w hole surface of the 
road equally hard and equally smooth. 
This appears to be a tedio(is process, 
but it will umply repay the time 
and labour bestowed upon it. Where- 
ever there is a bill of any consider- 
able acclivity, the road should be 
made much higher in the middle. 
than on flat ground, to prevent water 
from running across the. road, which 
in many places cuts the surface 
chequer-ways, as may be seen in 
Derbyshire and Wales, where the roads 
are hard. 

If carriages, that are not too heavy 
for the strength of the materials, 
and wheels not so narrow as to cut 
the surface are used, and if these 
wheels are of 'a proper size and 
strength, and are skillfully applied to 
a convenient carriage, our partner- 
ship will have the cheapest mod.:: of 
transporting their goods that can be 
obtained oti land without the inter- 
vention of railways. Wherel ard mna- 
terials cannot be found, the weight 
of the carriage must be diminished, 
and the wheels must be broader. 
What that weight and breadth should 

be, may be determined by a know- 
ledge of the relative strength of the 
materials, and this must be previously 
acquired by experiment. If in these 
roads, the gravel or stones are soon 
ground into powder, or squeezed in- 
to paste, the carriages commonly in 
use are too heavy for the materials 
of the road, and nothing but lighten- 
ing the loads can remedy the evil, 
Wliere waggous and carts of different 
sizes travel, it may soon be discover- 
ed by examining their tracks, what 
weight the materials of the road are 
able to bear, and no weight beyond 
this should be permitted upon wheels 
of any breadth. 

I have hitherto entered into no 
discussion of the mechanical advantages 
of wheels of different heights, forms, 
and breadths. I have seen a paper 
by my very ingenious and worthy 
friend Mr. Cumming, which was laid 
before the board of agriculture; this 
paper contained observations and 
deductions from experiment and 
theory, that determine many problems 
in the doctrine of wheel carriages. 
But the original source, from whence 
the most ot what has been published 
in England is drawn, is a tract up- 
on wheel carriages, entitled, c"Trait6 
des Forces, Mouvantes, Par M.Camus. 
in 1722," and which is also inserte4 
in the memoirs of the French academy. 
Part of this work is translated in 
Desaguliers. T'he principal points 
discussed are, the size of wheels, 
their breadth, their dishing, and their 
splay; that is to say, the obliquity- 
of the spokes, and the deviation of 
the plane of the wheel from a per. 
pendicular situation. 

'1 he rims of the wheels of a coach 
or waggon stand several inches far- 
ther asunder at the top than at 
bottom ; the arms of their axle-trees 
bend downwards, so that if they were 
produced, they would touch the 
ground at no very great distance 
from the carriage. It is clear, that 
if one of these arms 'were -cut off 
from the. carriage with the wheel 
upon it, this wheel put in motion 
would not go straight forwarq, but 
would tend to describe a circle round 
the point where the arm touched the 
ground, and would continue to move 
round this point as long as it was 
kept in motion; without counteracting 
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its tendency to describe a circle. 
If the wheel on the other arm of 
the axle-tree were detached in the 
same manner, it would describe a 
similar circle (which would be the 
cvolutidn of a cone) but in a di- 
rection contrary to that in which the 
other wheel would move, one wheel 
rioving from right to left, and the 
other from left to right. Now a great 
force is requisite to oblige these 

wiheels 
to go in straight lines; for 

while the wheel moves forward 
through space equal to the circumn- 
ference of the circle which it would 
describe if at liberty, the sole of the 
wheel must slide on the ground by 
a twisting motion, through a space 
equalt to the diameter of that circle.*. 

It is easy to calculate what this 
resistance would amount tod; but I 
am only writing hints, not a treatise. 
Hitherto the best mode of carriage 
for a society of manufacturers has 
been considered, who could leave 
what distance they thought best be- 
tween the wheels of their carriages. 
Let us now apply this to the public 
in general, who like a private com-n 
pany must ultimately pay the whole 
expense of the road, its repairs, 
and the cost of carriages, and horses, 
with their wear and tear. Now, the 
breadth of the track which wheels 
must keep is unlimited on a private 
road, And therefore the distance of 
their wheels may be such as to suit 
the convenience of the load without 
splaying the wheels ; but the breadth 
of the track of wheels on public 
roads is limited by law, so that to 
gain rooin for stowage, the tops of 
the wheels of a waggon must splay 
outwards. 

Acts of parliament require that the 
wheels of stage waggons should be 
nine inches broad, and even give 
premiums for the use of broader 
wheels; and also for placing wheels 
so as to roll in different contiguous 
tracks; by which means parallel paths 
are made for the 'horses. This has 
the appearance of good sense,; but 
I believe it is not well founded; 
and the various evasions which carriers 

practise to avoid the law, is a strong 
presumptive evidence that it is in- 
jurious From what has been said 
of a private road, it appears that 
the breadth of waggon wheels should 
be regulated by the mean of two 
considerations : the ease of the draft, 
and the preservation of the roads. 
If the carriage of ten thousand ton 
of goods upon the broadest wheels 
prescribed by parliament, wear out 
the road so as to require only one 
hundred pounds per annum to repair 
it; and if wheelsof any other breadth 
wear the same road so as to require 
a thousand pounds to reppir it in the 
same time; one 

thQ.sand ooe hundred 
pounds at least should be saved to 
the public by the reduced price of 
carriage, which the cheapness and 
lightness of the narrow-wheeled wag- 
gons could Qffbrd, or else the public 
must lose. Besides this, the better 
condition of the roads for other 
carriages is an object of great im- 
portance; and where the roads are 
soon broken up by any sort of 
carriage, that carriage should be pro- 
hibited. It is plain, therefore, that 
the same breadth of wheels cannot 
be suited to all sorts of materials, 
and that where these are the hardest, 
the wheels may be narrower than 
where the materials of the road are 
softer. And that where a stage wag- 
gon goes through counties of different 
soil~, and where different materials 
abound in different places, the 
wheels and weight to be carried 
must be adaptrd to the medium 
strength of the materials; but should 
in no case be such as to crumble 
them to pieces. It cannot be doubted, 
that where the roads are sufficiently 
hard to bear the pressurqo6 warrow 
wheels, without being cur by them, 
they. are more advantageous., to the 
carr;age, not only because they 

. 
are 

cheape', but because all the,breadth of the wheel beyoud'what is necessary 
to prevent them from immelibhsely injuring the road, is an in.apwibrance and weight which must be carried, 
continually, n9t only upon level roads, 
but up-hill, without beingof 

aay use, instead of profitable loading, 
The inccnyenience therefore, of very 
broad wheels must, in rman cases, 
be considered' as a 'contribution paid 
Gcg 

* Equal to the difference of the two 
circies described by the inaert and outer 
edges of the rtim. 

BELFAST MAG. NO. XXIlt. 
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by the carrier to preserve the roads, 
by rolling them and fevelling the 
incipient ruts made by other carri- 
ages. 

The legislature, in lowering the 
tolls of widely-rolling waggons, re. 
cognizes this theory; and they are 
permitted to pass toll free upon cer'- tain roads, and at certain times; 
they would undoubtedly be highly 
advantageous, as it would prepare 
the road for lighter carriages, vwould 
efftace from time to time the im- 
pressions which they made, and 
would consolidate all the materials 
which might be disturbed by frost 
or heavy rain. 

I shall not detain you with the 
theory of high and low wheels, as 
it is laid down in every treatise on 
mechanics. The higher the wheels, 
the better, provided their centers do 
not stand further from the ground 
than the point of the shoulder of the 
horse; from this it may be deduced, 
that tall horses for drawing heavy. 
loads are preferable to low ones of 
the same strength. For pleasure or 
expedition, smaller and more active 
horses are preferable, because it is 
their speed, and not their strength, 
that is exerted. 

Five feet six inches is a proper 
height for narrow wheels on a good 
road, but broad wheels should not 
be above four feet six high, as 
they lo-e more by additional weight 
than they gain by additional height. 

As to the jbform of a wheel, it 
should be dished, that is to say, the 
spokes should be placed obiiquely 
in the nave, for the purpose of re- 
sisting the lateral pressure of the load, 
which, in sloping or rough roads, 
would otherwise force the nave 
sideways through the rim of the 
wheel. 

Where wheels are placed nearly 
perpendicular, instead of dishing, the 
spokes have been placed sloping al- 
terniately towards and from .the 
shoulder of the axle tree. 'his prac- 
tice has been followed, and laid a- 
side at different periods, from caprice ; 
but 'there is reason to suppose, that 
where wheels stand nearly upright, it is the best construction. FPor 
coaches, &c. there is an obvious 
objection to wheels of this form, 

the naves cannot be made of so light 
and agreeable a form as in the common 
method. 

Before I quit this subject, I shall 
mention one cireumstance that has 
not, to my knowledge, been noticed 
by any author, relative to the splay- 
ing ot wheels that are dished; the 
arim of the axle tree is so bent that 
when such wheels stand upon level 
ground, the spokes stand perpendi- 
cularly, aid consequently are in the 
stror-gest situation to bear the super- 
incumbent weight ; this is commonly 
known. But besidesthis, as the spokes 
are driven into the nave as near as 
possible to the shoulder of the axle- 
tree, as may be easily conceived, 
by supposing that the spokes were 
driven into the wheel oLliquely at 
the other end of the nave, for theti 
the pressure would be entirely on 
the outward extremity of the axle- 
tree, and would act with a long 
lever against the axle-tree near its 
shoulder, a force that would soon 
break it, if it were not made much 
larger than it is at present. 

The, quantity of dirt taken up by 
wheels of different heights, breadths, 
and forms, should be attended to; 
it is in some places such as to in-i 
crease the ffraft considerably. 

The last of the tniree objects which 
I proposed to consider, is, the, 
breadth of the wheels. As this re- 
lates as much to the kind of road 
upon which the wheels is to travel, 
it has already been considered in 
the beginning of my letter; but stilt 
the properties of a broad wheel rol- 
ling on a hard flat road should be 
noticed, as they may be applied to 
every modification of roads and wheels 
that occur in practice. 

If a wheel of one-inch breadth 
were used in a common stage waggon, 
it would, even with a moderate 
weight, soon cut a deep rut in the 
road. If a wheel of two feet broad 
were used, it would press the parts 
of the road together, and would not, 
with the same weight, soon break or 
grind the materials, provided it were 
cylindrical, and placed upright on the 
road. 

But as broad wheels never are 
so placed, they are pernicious and 
destructive when they exceed such 



s110.] Report on Roads, Broad Wheels, M&c. 429 

a breadth as will prevent them from 
making a visible hollow in the road 
the first time they roll upon it. 
I have reason to think that this 
breadth is about six inches, and that 
if the hint and fore wtreels roll 

different 
tracks, other carriages might 

conveniently travel in their path. 
Still the'convenience of splaying 

the wheels will remain to tempt the 
waggoner, unless the breadth of the 
body of the waggon is contracted, 
the breadth of the track be extended, 
or the wheels lowered and placed 
under the body. 

This last construction has consider- 
able advantages, and was some years 
ago attem pted by an ingenious me- 
chAnic, who published a book on 
the subject. These waggons were 
afterwards made and. sold at the ex- 
tensive and useful manufactory of 
Mr. Sharpe, 133, 'l'ooley-street, where 
I have seen and 

.examined 
them. 

They did not succeed, because they 
were to be used on roads that were 
cut into ruts and tracts which con- 
tin-ially impeded their progress; but 
I have little doubt of the ufility of 
carriages of this construction, provided 
the wheels or rollers were made 
lighter, by adopting the comnion 
form of spoked wheels shod withl 
iron (perhaps cast iron) rims six inches 
broad, rolling in different tracks, 
and three feet six inches in dia- 
meter. 

Such a construction would be near- 
ly one ton lighter than a common 
broadwheeled waggon, and would 
therefore be one-fitth more advan- 
tageous, because it would carry one- 
fifth more goods, without requirir,g 
any additional force to draw it; for 
in all cases the draft is the same, 
whether the weight of the waggou 
consists of the load, and of the parts 
of the waggon itself, of which the 
weight of the wheels is sometimes 
thirty-two or even thirty-five hundred, 
It is true that the weight of the 
wheels adds nothing to the friction of 
the axle-tree. But this is scarcely 
worth attention, 

Whlere cylindrical wheels placed 
nearly upright are employed, the 
arms of the axle-tree where the boxes 
run, at the outside extremity of the 

arci, 
should be made not more than 

half the diameter of the same arm 
at the shoulder, so that the shape 
of the arm would be cylindrical at 
the shoulder, cylindrical at the end 
next the linch.pin, and conical be- 
tween these two cylinders. I believe 
thit to be the best form of an axle- 
tree, and it is riot necessary to turn 
it in a lathe; if hung between the 
points in a lathe, and set truly by 
the hammer and slightly filed, the 
friction of the boxes will soon polish 
the parts that touch. 

There is still another construction 
of carriages preferable to any that I 
have yet mentioned. I proposed it 
forty years ago to the society for 
the encouragement of arts, &c. It 
has lately been adopted in several 
place4, particularly at the slate quarries 
near Bangor ; it consists in dividing 
the weight to be carried into two or 
more parts, and placing them on 
separate carriages attached to each 
other. Thus, one driver only is re- 
quired, whereas, if the horses drevr 
each carriage separately, one driver 
could not manage them on crowded 
roads or in cities. 

I published, I believe in 1803, in 
Nicholson's journal, a paper upon 
iron railways for 'all sorts of-carriages. 
I shall resume the subject at leisure, 
believing, as I do most firmly, that 
the art of printing will preserve and 
promote" whatever inventions are 
realty useful, and discard whatever 
is trifling and i'mpracticable; I never 
hurry forward a proposal of thissort, 
but leave the public time to form, 
gradually, a proper judgment. 

f I am wrong, nmy errors will be 
rectified; if I am right, my plans 
will be adopted. 

One more consideration occurs to 
me, which is in fact mnuch iiiore ap- 
plicable to carriages that moye with 
velocity, than to the slow-paced 
waggon ; I mean the effect of-spri/gs, and the beitding of 

thqli.materials of which a carriage is made. In the 
transactions of the R. Irish academy, 
vol. 2,-1788, i published twenty 
years ago an essay on this subject, 
wherein i have demonstrated the 
utility of springs as they regard the 
ease of draft; in some cases lessen- 
ing the resistance to the horses in 
a higher proportiou than ten to one. 
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Now, although springs, such as those 
applied to coaches, cannot be use- 
fully employed for heavy waggons, 
yet the timber of a waggon may be 
so adjusted as to yield to sudden 
shocks on rough roads or pave- 
ment. 

Whoever observes the hinder part 
of a loaded waggon in motion, will 
perceive that the part ot the body 
which projects beyond the hinder 
axle-tree, has a vibrating motion that 
eases the draft, and preserves what 
is carried in that part of the waggon 
from being so much shaken as what 
is placed over the axle-trees, or over 
the more unbending parts of the ma- 
chine. 

Indeed, whoever considers thesub- 
ject even in a popular manner, must 
perceive, that the springs ease the 
horses as well as the rider; for, 
vxhatever jolting motion the latter re- 
ceives, is communicated by the rising 
or falling of the carriage going over 
obstaclea; the force of the horses a- 
lone produces this motion, and what- 
ever lessens it lightens the horse's la- 
bour. 

If sixteen people outside and in- 
side of a stage coach ate jolted up- 
ward even one-third of an inch in 
travelling one yard, it will requirea 
constaut force of twehity pounds to 
communicate so much motion to the 
carriage. The whole friction of the 
axle-trees does not obstruct the nmo- 
tion of the carriage much more than 
this slight vibration. 

Now the springs commonly used 
diminish the resizstance occasioned by 
such jolts above half, so that they 
are as advantageous as any contri- 
vance that would lessen the friction 
of the boxes upon the axle-tnee in 
proportion of two to one. 

for the Belfast Monthly Magazine. 

Third Report of the Commnittee appoint- 
ed to take into considcration the 
Acts now in force regarding the 
use of Broad lWheels, 4-c. 

G(onevuedfrom p. 193, No. AXX. 
REGULATIONS REGARDING TURNPIKE 

TRUSTS. 

r. s e HAT it is the 
. Resolveds I opinion of this 

committee, that the-e be held in each 

turnpike trust one general anuaal 
meeting of the trustees at the most 
convenient place, as near the centre 
of the said turnpike respectively as 
may be, in the months of Septem- 
ber or October, for the purpose of 
examining and settlng the accounts 
of the treasurers, clerks, surveyors 
and collectors, the appointments of 
new surveyors, and the necessary 
officers where vacancies have occur. 
red, making contracts for letting tolls, 
repairing the roads, &c. 

2. Resolved, That it is the opinion 
of this committee, that at the first 
meetings under the proposed act, two 
trustees be appointed in each trust 
by the majority thea present, to ex- 
amine the accounts and vouchers of 
the respective trusts, preparatory to 
their being laid before the trustees 
at the next annual meeting. That 
two trustees be constantly named for 
the like purpose at every subsequent 
annual meeting. That all officers be 
compelled to exhibit their accounts 
to the trustees so named, whenever 
called upon for examination. That 
no account be passed which shall not 
hate been previously audited and 
signed by the trustees so appointed. 

3. Resolved, 1hat it is the opinion of this committee, that notice of 
such general annual meetings be giv. 
en in the county paper, or in the 
paper in the most general circulation 
in the county, or in the gazette, for 
the neighbourhood of London, for 
three successive weeks before the hold. 
ing of such meetings. 

4. Resolved, l'hat it i4 the opinioq of this committee, that the trustees 
of every turnpike road shall be bound 
to exercise their trust impartially over 
the whole extent of road committed to 
their care, to keep so far as is 

pracr ticable every part in an equal state 
of repair, and to apportion their net 
income according to an equal or an 
equitable distribution to every pa- 
rish or district within their trust, ac. 
cording to the number of miles of turnpike within each district or 
parish. In cases where special rea. 
Sons exist for allotting a greater prow 
portion of their funds to any particular 
portion of road, or to any particular 
object of inimpovement, such reasons 
to Pe fudly and distinctly cnltrsd in 
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